In the central bank of the microorganisms section in the Ministry of Agriculture, Forestry and Fisheries (MAFF) Genebank in Tsukuba, 14,836 strains of fungi, bacteria, yeasts and others are preserved by various methods including cryopreservation and freeze-drying. To evaluate preservation techniques for these microorganisms, the viability of the preserved microorganisms was examined at regular intervals. Almost all tested strains, except for 5 strains out of 2,334 strains, of yeasts, bacteria and Actinomycetes were preserved well in freeze-dried form, indicating that freeze-drying is suitable for their preservation. As for fungi and Oomycetes, 6,578 strains out of 6,681 tested strains (98.5%) and 264 (63.8%) of 414, respectively, survived one-year preservation in the vapor phase of liquid nitrogen. The details on survival of the preserved fungal strains were as follows: 99.0% (1,107 strains/1,118 tested strains) survival in Ascomycota, 96.1% (1,552/1,615) in Basidiomycota, 98.6% (73/74) in Zygomycota, and 99.3% (3,846/3,874) in anamorphic fungi. Thus, cryopreservation is excellent for preservation of most fungus strains, but is not suitable for preservation of many Oomycetous strains.
Introduction
It is important that microorganism resources are preserved in a physiologically and genetically stable state. Therefore, frequent subculturing on a slant is not recommended. Subculturing may also lead to contamination. The major methods that give stable preservation are freeze-drying, L-drying (drying from the liquid state), cryopreservation (in the vapor phase of liquid nitrogen or in a deep freezer) and subculture under mineral oil 1, 4, 6, 13 . The methods used for preservation depend on the microbial species. Freeze-drying is suitable for preservation of bacteria, Actinomycetes, yeasts, and spores of fungi. Cryopreservation is applicable to most microorganisms. In these techniques, cryoprotectants and growth conditions are also important for successful preservation.
The microorganisms section of the Ministry of Agriculture, Forestry and Fisheries (MAFF) Genebank was established in 1985 and consists of a central bank and 12 sub-banks (as of 2004) mainly located in Tsukuba 10 . The central bank is placed under the National Institute of Agrobiological Sciences (NIAS). The central bank preserves mainly fungal, oomycetous, bacterial, yeast and actinomycetous strains using cryopreservation and freeze-drying techniques. The preserved microorganisms are tested for viability at regular intervals and the data of viability tests have been input into a database. These data are useful to select a preservation technique suitable for a new deposited strain if the data are summarized in an appropriate table format. In this article, we describe viability of bacteria, Actinomycetes, yeasts, fungi and Oomycetes after one-month preservation or one-year preservation to evaluate the preservation techniques employed in the central bank of the MAFF Genebank.
Materials and Methods

Microorganisms
Microbial strains tested are listed in alphabetical order of generic names in Tables 1 (yeasts, bacteria and Actinomycetes) and 2 (fungi and Oomycetes). The culture media and growth conditions used for preparing stocks and testing viability depend on species or strains.
Freeze-drying method and revival of freeze-dried cells
A freeze-drying technique was employed for preservation of bacteria, Actinomycetes and yeasts. Cells on a slant culture were suspended in 10% skim milk with 1.5% monosodium glutamate. This cryoprotectant was autoclaved at 115ºC for 15 min, kept in the autoclave overnight, and then autoclaved again at 110ºC for 10 min. The suspension was dispensed to Pyrex ampoules, frozen at -40ºC overnight and freeze-dried under a vacuum lower than 10 mT with a vacuum freeze dryer (DuraDryµP, FTF Systems Inc., NY). After freeze-drying, ampoules were sealed and cut with a gas burner. The vacuum in ampoules was tested with a Tesla coil. Ampoules keeping a vacuum were preserved at 5ºC.
For reviving freeze-dried cells, they were re-suspended in 100 µL of water. The cell suspension was transferred onto an appropriate agar plate medium, such as standard agar or potato peptone glucose agar, and was incubated under conditions where the cells could grow well. Visible growth of the microbial colonies on the plate was assessed as successful preservation.
Cryopreservation and revival of frozen cells
Cryopreservation of fungi and Oomycetes and revival of the frozen cells were described previously 7, 9 . Briefly, discs (6 mm diam.) were cut out of an agar plate on which mycelia were growing. Five or ten discs were transferred into a plastic vial with a screw cap containing 1 mL of 10% (w/w) glycerol. After cold-hardening in a refrigerator at 5ºC for two to three days and freezing in a deep-freezer at -70ºC for two to three days, the vial was moved to an atmosphere of liquid nitrogen at -165ºC.
For reviving frozen cells, a vial containing frozen cells was thawed quickly in a water bath at 30 to 37ºC. The discs were put on an appropriate agar plate medium, such as potato dextrose agar or V8 agar, and were incubated. Visible growth of fungal colonies from 80% or more of the discs on agar plate medium was assessed as successful preservation.
Data processing
Data of viability tests have been stored in the database in the MAFF Genebank and were output in text data. The data were converted to tables showing the numbers of successfully preserved strains of each genus by a Windows application, seizan.exe (http://www.gene.affrc.go. jp/micro/) 8 .
Results and Discussion At regular intervals and before distributing in the case of fungal strains, preserved samples are tested for viability and the records of the tests are input to the database of the MAFF Genebank 3 . The viability data have been accumulated since 1985. There were 27,877 bits of stored viability data in 2003. The viability data consist of scientific name, MAFF accession number, beginning date of preservation, date of test, and result of test in percentage (e.g., "Aeromonas caviae", "118260", "1990/10/01", "1990/10/29", 100). These data are difficult to see in this format whether a new deposited strain could be successfully preserved by our preservation method. So, we summarized the data in a table format showing species, the number of successfully preserved strains for one month and that for one year (Tables 1 and 2 ).
Freeze-drying of yeasts, bacteria and Actinomycetes
The freeze-drying method is routinely applied for the preservation of yeasts, bacteria and Actinomycetes in the central bank. Ampoules which enclose freeze-dried cells are easy to handle in laboratories and easy to send to customers because there is no need of a freezer to keep them. The results of freeze-drying of yeasts, bacteria and Actinomycetes are summarized in Table 1 .
One hundred one yeast strains were preserved for one year, and 99.0% (100/101) of the preserved strains could be preserved successfully. Only a Candida strain, which was not identified to species, failed to survive for one month. The strain is preserved by cryopreservation in a deep freezer.
Among 1,996 bacterial strains, 1,992 strains survived one-year preservation. Three Lactobacillus curvatus strains and one Pseudomonas fluorescens strain could not be preserved, so they are preserved by cryopreserva-tion at -40ºC.
As for Actinomycetes, 237 tested strains, most of which belong to Streptomyces, could survive one-year preservation.
Although some microbial strains could not be preserved by the freeze-drying method, it was excellent in preserving almost all strains of yeasts, bacteria and Actinomycetes, as reported previously 1 . The MAFF Genebank continues to preserve the freeze-dried cells, and it might demonstrate the results of longer freeze-dried preservation elsewhere.
Cryopreservation of fungi and Oomycetes
In the MAFF Genebank, fungal and oomycetous cells are preserved using cryopreservation, in which the cells in 10% glycerol are preserved in the vapor phase of liquid nitrogen after pre-freezing at -80ºC. This is because mycelia are difficult to preserve by a convenient freeze-drying method. However, spores of some sporeforming species such as Aspergillus spp. can be freezedried. Freezing in a deep freezer is one choice; 93.5% of tested Basidiomycetous strains preserved were reportedly alive after one-year preservation or more 2 . Among 6,681 fungal strains, 6,631 (99.3%) and 6,578 (98.5%) strains survived one-month preservation and one-year preservation, respectively ( Table 2 ). The value of one-year preservation was nearly equal to those of one-month preservation, so whether a strain could be preserved by this method might be determined in one month or less. The survey for longer preservation is under investigation. Percentages of strains surviving one-year preservation in each division were 99.0% (1, 107 strains/1,118 tested strains) in Ascomycota, 96.1% (1,552/1,615) in Basidiomycota, 98.6% (73/74) in Zygomycota and 99.3% (3,846/3,874) in anamorphic fungi. These values are compatible with the ones investigated in 2000 9 .
In the preservation of Oomycetes, 72.5% (300/414) and 63.8% (264/414) strains could be preserved successfully for one month and one year, respectively (Table 2) . Oomycetous strains are difficult to preserve by cryopreservation as known previously 12 . Our results also show low viabilities of Oomycetes, but whether cells can be preserved by this method depended on species or strains. Interestingly, a recent article said that some Phytophthora strains had survived 6 to 23-year storage in water 5 , suggesting a very simple and effective preservation method for Oomycetes.
The cells are frozen under uncontrolled conditions in the MAFF Genebank, that is, they are only frozen in a deep freezer before transferring to the atmosphere of liquid nitrogen. Recently, we began to use Cryo 1ºC Freezing Containers (Nalge Nunc International Corp., NY) for the strains which were difficult to preserve by cryopreservation mentioned above. In this container, samples are able to be frozen at a rate of -1ºC/min in a deep freezer. Although the best method to freeze cells is controlled freezing, this requires an expensive programmable freezer 11 . Therefore, cells that can not survive cryopreservation are reluctantly maintained by subculture at the present time. The number of strains that survived after one-year preservation. c): The number of strains that survived after one-year preservation / the number of tested strains × 100. 
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